Background Swallowing dysfunction and risk of undernutrition increase the risk of pneumonia, morbidity, and mortality. Short-term care is an unexplored care context, where many older people stay yearly. Aim This cross-sectional study aimed to describe and analyze the relationship between swallowing dysfunction and risk of undernutrition among older people in short-term care, including potential gender-related differences. Methods In total, 391 people (209 women), aged ≥ 65 years (median age 84 years) and admitted to short-term care in five Swedish counties participated. They went through a timed water swallow test to assess swallowing dysfunction, including abnormal swallowing capacity and signs of aspiration (i.e., cough and voice change). Risk for undernutrition was assessed using the Minimal Eating Observation and Nutrition Form-version II. Results Swallowing dysfunction was observed in 248 of 385 (63%) participants, including abnormal swallowing capacity in 213 of 385 (55%) and aspiration signs in 127 of 377 (34%). Abnormal swallowing capacity was more frequent among women (p = 0.030), whereas men with normal swallowing capacity exhibited signs of aspiration more frequently (cough p = 0.038, voice change p = 0.004). Risk of undernutrition was found in 91 of 390 (23%) participants, more frequently among women (p = 0.007). A logistic regression model revealed an increased risk of undernutrition among older people with abnormal swallowing capacity (OR 1.74, 95% CI 1.04-2.92, p = 0.034). Conclusions The high prevalence of swallowing dysfunction and risk of undernutrition highlight the need for a systematic screening program and feasible treatment to improve swallowing function for adequate and safe food intake among older people in short-term care. Clinical trial registration This study was registered with ClinicalTrials.gov on July 4, 2016, under NCT02825927.
Introduction
Dysphagia and malnutrition are prevalent among older people and have a negative impact on health, with poor recovery and an increased risk of pneumonia, morbidity, and mortality [1] [2] [3] [4] . However, dysphagia and malnutrition are often unrecognized and poorly treated among older people [2, 4] .
The term dysphagia refers to subjectively experienced symptoms of swallowing dysfunction, and is often used to describe objectively observed or measured swallowing dysfunction. Common signs of dysfunction are reduced swallowing capacity and aspiration signs, such as cough and wet or gurgly voice [5] [6] [7] . The reported prevalence of dysphagia among older people varies from 11 to 80%; the wide range is explained by differences in study groups and selection, screening or assessment tools, and the definition of dysphagia [3] . Dysphagia risk is associated with neurological diseases, functional capacity, polymedication, and multimorbidity, and increases with age and frailty [8, 9] . Dysphagia has been found to be a risk factor for malnutrition in hospitalized older people [9] .
Malnutrition is defined as any nutritional imbalance. In acute, chronic, or transitional care settings, the detection and management of adult undernutrition is a primary concern, as undernutrition is associated with poorer health and increased mortality [2, 10] . A varying prevalence of malnutrition has been reported for different settings: 50% in rehabilitation, 38.7% in general hospital, 13 .8% in nursing homes, and 5.8% in community [11] . The recommended definition of malnutrition is based on at least two of six characteristics: insufficient energy intake, weight loss, loss of muscle mass, loss of subcutaneous fat, localized or generalized fluid accumulation, and diminished functional status [2] .
Short-term care units provide the basic nursing care for days to months for older people recovering after being discharged from the hospital, waiting for homecare placement, undergoing rehabilitation, as recurrent relief for family members who are informal caregivers (i.e., respite care), or end-of-life care [12] . Approximately 8000 older people with different diagnoses are admitted to Swedish short-term care units annually, but little is known regarding the frequency of dysphagia and poor nutritional status among them. Therefore, the aims of the present study were to describe the prevalence of swallowing dysfunction, including swallowing capacity and aspiration signs, and the risk of undernutrition. We also analyzed the relationship between swallowing dysfunction and the risk of undernutrition among older people with different diagnoses in Swedish short-term care and potential gender-related differences. NutriƟonal assessment (n=390)
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Subjects and methods

Subjects
The study population was included in a multidisciplinary and multicenter project including short-term care residents in five counties in Sweden [13] . They were ≥ 65 years old, admitted for at least 3 days, able to understand Swedish, had the cognitive capacity sufficient to give informed consent, and the ability to participate in the clinical measurements. The latter was based on medical records and judged by the responsible nurse at the short-term care unit. Older people who received end-of-life care were excluded. Of 931 available residents in the short-term care units, 477 did not fulfill the inclusion criteria and 63 declined to participate. A total of 391 older people were finally included in the study. (Fig. 1 ).
Data collection
The clinical assessments were conducted in the short-term care unit by formally trained professionals (eight registered dental hygienists and one speech-language pathologist) who had received specific training on performing all assessments before the study started. Clinical data regarding participant age, gender, height, weight, and medical diagnosis based on social service and nursing documentation, and cause of stay were collected ( Table 1 ). The participants were considered multimorbid if suffering from ≥ 3 diagnoses from a minimum of three different organ/organ systems. Functional status was assessed using the modified Katz Index of Activities of Daily Living (Katz-ADL) recommended for short-term care [14, 15] and was judged by the responsible nurse. The scores were yes or no for independence in six functions: bathing, dressing, toileting, transferring, continence, and feeding. The Katz-ADL ranges from A-G, A indicates independence (score yes in all six functions), B-D indicates moderate dependency, and E-G indicates total dependency [14, 16] .
Primary outcome/measurements
A timed water swallow test (WST) of swallowing capacity was used to assess swallowing dysfunction by measuring swallowing capacity and clinical signs of aspiration (i.e., cough and voice change) [5] . Swallowing capacity has been shown to be a sensitive indicator for identifying patients at risk of swallowing dysfunction. Cough and voice change after swallowing is an indicator of water penetrating the larynx or, worse, resulting in aspiration into trachea [6] . Before proceeding with the WST, a teaspoon test was carried out to identify subjects with major risk of aspiration. The participant swallowed three teaspoons of water; if aspiration signs were observed, the WST was not carried out and a WST score of 0 mL/s recorded. For the timed WST, the participant was instructed to drink 150 mL of water from a glass as rapidly but safely as possible, and to stop if difficulties arose. The participants were requested to use their normal swallowing behavior, including any swallowing compensatory strategy, e.g., postural adjustment, that they used in daily life. Aspiration signs during and after swallowing were recorded, and the residual volume was measured if the WST was interrupted or incomplete. The swallowing capacity was calculated as the milliliters of swallowed water divided by time. In accordance with the previous studies, swallowing capacity < 10 mL/s was considered abnormal [5, 6] .
The Minimal Eating Observation and Nutrition Formversion II (MEONF-II) was conducted by a trained nurse responsible for the participant. It was used to assess the risk 
Results
Subjects
Of the 391 older people included in this study, 209 were women (median age 85 years, range 65-100 years) and 182 men (median age 81 years, range 65-98 years) ( Table 1) . Swallowing assessment was carried out in 385 subjects (missing n = 6) and nutritional assessment in 390 subjects (missing n = 1) (Fig. 1) . The causes of admission for shortterm care were as follows: 76 (19%) respite care, 70 (18%) acute short-term care, 58 (15%) recovery after hospitalization, 50 (13%) rehabilitation, 33 (8%) waiting for care placement, 26 (7%) further assessment, and 78 (20%) unknown reason.
Swallowing dysfunction
A total of 248 of the 385 (63%) participants exhibited swallowing dysfunction with either abnormal swallowing capacity and/or signs of aspiration (Table 1) . Swallowing dysfunction was associated with decreased functional status (moderate or total dependency according to Katz-ADL; p = 0.015) and increased age (75-84 years or ≥ 85 years, p = 0.027; Table 2 ). However, no significant association was found between swallowing dysfunction and gender (p = 0.991), health conditions with increased risk of suffering from dysphagia (i.e., health conditions that can contribute to swallowing dysfunction; p = 0.429), multimorbidity (p = 0.444), or mild cognitive impairment (p = 0.287).
Abnormal swallowing capacity
Abnormal swallowing capacity (< 10 mL/s) was found in 213/385 (55%) participants (Table 1) , including 11 with an unsafe teaspoon test and registered swallowing capacity 0 mL/s. The prevalence of swallowing capacity < 10 mL/s was significantly higher among women (124/205, 60%) than men (89/180, 49%; p = 0.030). Swallowing capacity < 10 mL/s was associated with signs of aspiration (p < 0.001; Table 3 ). However, no association was found between abnormal swallowing capacity and age (p = 0.123), Katz-ADL (p = 0.073), multimorbidity (p = 0.291), dysphagia risk conditions (p = 0.472), or mild cognitive impairment (p = 0.073). 
Signs of aspiration
Aspiration signs were found in 127/377 (34%) participants; cough appeared in 90 (24%), voice change in 65 (18%), and voice change without cough in 37 (10%) participants (Table 1) . Eighty-five of 120 (71%) participants with aspiration signs also had abnormal swallowing capacity (Table 3) . When analyzing all subjects independent of swallowing capacity, aspiration signs during the WST were significantly more common among men than women (cough, p = 0.020; voice change, p = 0.034; Table 1 ). This was also the case when comparing participants with normal swallowing capacity; men exhibited more aspiration signs (cough, p = 0.038; voice change, p = 0.004; Supplementary data, Table Appendix 1) . However, no significant differences were found between genders in the subgroup of participants with abnormal swallowing capacity (cough, p = 0.154; voice change, p = 0.071; Supplementary data, Table Appendix 2) . Cough was observed in 20 (22%) and voice change in 9 (10%) of the 91 men with normal swallowing capacity.
Risk of undernutrition
A risk of undernutrition was found in 91 of 390 (23%) participants and was associated with swallowing dysfunction (p = 0.033; Table 3 ). The risk of undernutrition was significantly higher among women (60/209, 29%) than men (31/181, 17%; p = 0.007). However, we found no association between the risk of undernutrition and age (p = 0.563), Katz-ADL (p = 0.387), multimorbidity (p = 0.215), dysphagia risk conditions (p = 0.945), or mild cognitive impairment (p = 0.278).
Logistic regression analysis
Participants with abnormal swallowing capacity had a higher risk of undernutrition compared to those with normal swallowing capacity (OR 1.74; 95% CI 1.04-2.92) ( Table 4 ). The risk of undernutrition was almost twice as high for females as for males (OR 1.93; 95% CI 1.18-3.25).
Discussion
This descriptive, cross-sectional study of older people with different diagnoses who were admitted to Swedish shortterm care shows that the prevalence of swallowing dysfunction and undernutrition are high; more than half of all participants had an abnormal swallowing capacity, with onethird showing signs of aspiration and almost one-fourth at risk of undernutrition. Furthermore, abnormal swallowing capacity was found to be a risk factor for undernutrition. Despite the high prevalence of swallowing dysfunction, no routine screening is available for dysphagia among older people admitted to short-term care in Sweden [18] . The present study shows the necessity of developing such routines.
To accomplish this, caregivers in short-term care in general need more resources and education to detect and manage dysphagia and risk of undernutrition. The prevalence of dysphagia among older people varies greatly in the literature, from 11% in independently living older people to 80% among patients with neurodegenerative diseases or stroke [3] . The wide range is explained by both differences in settings and populations, and by the method of assessment, which is sometimes performed subjectively with questionnaires or objectively with clinical or instrumental assessments. In the present study, the prevalence of swallowing dysfunction was 63%. This result may be explained by the diversity of the residents in the short-term care context and the use of a WST to detect swallowing dysfunction. In older people, dysphagia is mostly reported to be associated with stroke and neurodegenerative diseases, or with aging itself [4, 8] . In this study, swallowing dysfunction, including both signs of aspiration and swallowing capacity, was associated with increased age, whereas swallowing capacity alone was not. Anticipated changes in swallowing due to aging include a higher frequency of penetration (i.e., bolus entering the larynx but not proceeding below the true vocal folds) in healthy individuals 50 years of age and older [19] . However, the frequency of aspiration is not increased by age [20, 21] . Another factor that may contribute to dysphagia, affecting swallowing safety and efficacy, is polymedication resulting in, e.g., declined saliva production, swallowing response or muscular relaxation [22, 23] .
In the present study, swallowing dysfunction was also associated with general functional disability. This finding is in line with previous studies in which a reduction of independence in daily living was associated with dysphagia [9, 24] . The risk is that subjective symptoms of dysphagia, if associated with objectively measured swallowing dysfunction, leads to undernutrition that deteriorates functional capacity, which can lead to further deterioration of the swallowing dysfunction and negatively impact health and quality of life.
Earlier studies of healthy people under the age of 75 years showed that swallowing capacity is normally lower in women (mean 12.3 mL/s) than in men (mean 18.7 mL/s), but not less than 10 mL/s [5, 25] . In the present study, abnormal swallowing capacity was significantly more common in women than in men, but men with normal swallowing capacity exhibited significantly more aspiration signs than women with normal swallowing capacity. People with swallowing dysfunction have been reported to compensate by reducing bolus size to prevent aspiration, which as a consequence reduces the swallowing capacity [26] . Therefore, we hypothesize that the women in this study have compensated or adapted to their dysfunction to a greater extent than the men by slowing down the speed of swallowing to avoid aspiration, whereas men more often continued to drink with normal capacity, with aspiration as a result. However, this hypothesis cannot be proved without an instrumental evaluation of swallowing with, e.g., videofluoroscopy or videoendoscopy. The difference between gender emphasizes the importance of not only assessing swallowing capacity, but also observing clinical signs of aspiration when screening for swallowing dysfunction.
Malnutrition is a common health problem among older people in various care facilities [9, 11, [27] [28] [29] . However, to the best of our knowledge, no study of nutritional status or dysphagia has been performed in the context of shortterm care. One-fourth of the participants in the present study were at risk of undernutrition, and the risk was associated with functional impairment and female gender. Furthermore, abnormal swallowing capacity was found to be a risk factor for undernutrition. Previous studies of older people in other settings have shown similar results. Among hospitalized older patients, dysphagia has been shown to be an independent risk factor for malnutrition [9] . In a geriatric outpatient clinic, 44% had poor nutritional status and malnutrition risk correlated with other geriatric syndromes [29] .
A limitation of the study is that the results represent less than half of the population in short-term care due to a high rate of participant did not reach the inclusion criteria. Thus, the prevalence of swallowing dysfunction and risk of undernutrition may be underestimated, as the greater proportion were excluded due to insufficient cognitive capacity, and both dysphagia and malnutrition are known to be highly prevalent among people with dementia [3] . However, we found a tendency that participants with mild cognitive impairment had lower association with abnormal swallowing capacity compared to those with normal cognition. The inclusion criteria on sufficient cognitive capacity were based on medical records and subjective judgments by the nurse in charge. More objective would have been if it had been feasible to include a standardized evaluation, e.g., Mini-Mental State Examination [30] , to the study protocol. However, it was not possible to add to the already extensive study protocol. To keep the protocol feasible for a study in a nonhospital context, no subjective measurement of swallowing dysfunction was performed.
The strengths of this study are that the screening tools were easy to use in a non-hospital context, and they are sensitive in identifying people at risk for swallowing dysfunction and undernutrition. This is important for future possible implementation of more systematic screening for swallowing dysfunction and risk of undernutrition in the short-term care context.
Conclusion
This study found high prevalence of swallowing dysfunction and risk of undernutrition among older people admitted to short-term care. Women exhibit poorer swallowing capacity than men, but men have clinical signs of aspiration more frequently than women. These results highlight the need for systematic, routine screening, feasible treatment to improve swallowing function, and strategies for safe food intake to improve health and prevent severe complications among older people in short-term care.
